Context: Intravenous tissue-type plasminogen activator (tPA) therapy using the National Institute of Neurological Disorders and Stroke criteria has been given with variable safety to less than 5% of the patients who have ischemic strokes nationwide. Our center is experienced in treating large numbers of stroke patients with intravenous tPA.
T HE NATIONAL Institute of Neurological Disorders and Stroke (NINDS) rt-PA Stroke Study Group reported that treatment with intravenous tissue-type plasminogen activator (IV tPA) benefited patients with acute ischemic stroke treated within 3 hours from the onset of stroke symptoms. 1 The Food and Drug Administration subsequently approved IV tPA therapy for acute ischemic stroke in June 1996. However, despite demonstrated efficacy and acceptable safety, and endorsement by appropriate medical organizations, 2 it has been estimated that less than 5% of the patients nationwide who have an ischemic stroke receive IV tPA therapy. Fears of excessive rates of bleeding and the perception that only a small segment of the stroke patient population are eligible for treatment are among the factors dampening the use of IV tPA in the United States.
In a previous study, 3 our first-year postapproval experience with IV tPA therapy showed that 6%, 0.6%, and 1.7% of stroke patients were treated at our university and 2 community hospitals, respectively, and the short-term outcome and complication rates were comparable to those of the NINDS rt-PA Stroke Study Group. 1 Since that article was published, other studies have confirmed that IV tPA therapy can lead to benefit sustained at 1 year 4, 5 and that the rate of hemorrhagic complications with tPA therapy can be lower than initially reported by the StandardTreatmentwithAlteplasetoReverseStroke(STARS) study 6 and the NINDS rt-PA Stroke Study Group. 7 However, other studies have pointed out higher rates of intracerebral hemorrhage (ICH) in community hospitals. 8 Also, to our knowledge, there have been no published reports of higher rates of treatment with IV tPA than what we reported the first year after Food and Drug Administration approval. 3 In the study herein, we aimed to analyze the total experience of our veteran stroke treatment team in providing IV tPA therapy at 4 hospitals over the 4 years since Food and Drug Administration-approval of the drug.
RESULTS
A total of 269 patients were treated with 0.9 mg/kg of IV + PA at all 4 EDs covered by our stroke team between January 1, 1996, and June 1, 2000 ( Table 1) . Mean age was 68 years (age range, 24-93 years); 48% were women. Pretreatment mean±SD NIHSS score was 14.4±6.1 points (median, 14 points; range, 4-33 points). Pretreatment systolic blood pressure was 154±28 mm Hg (mean±SD). An IV tPA bolus was given at a median time of 137 minutes (range, 30-180 minutes) with 28% of the patients being treated within 2 hours. Mean door-to-needle time for all patients was 70 minutes (range, 10-129 minutes); it was 68±28 minutes at our university hospital. Stroke mechanism was determined as cardioembolic in 53% of the patients; large vessel disease in 30%; and small vessel disease in 6%; and 11% had no determined cause. These variables did not vary over the 4 years of our analysis; for instance, NIHSS scores averaged 12.7, 14.4, 14.6, and 15.1 each of the 4 years, respectively.
During the 4-year interval of this study, our stroke team was alerted on our dedicated beeper 1689 times. Therefore, we treated 16% of patients for whom we were called. During the 4-year interval following July 1, 1996, a total of 1757 patients with symptoms of cerebral ischemia (including ischemic stroke, transient ischemic attack, and cerebral venous thrombosis) were admitted to
SUBJECTS AND METHODS
Between January 1, 1996, and June 1, 2000, all patients treated by our stroke team with IV tPA within 3 hours from stroke onset following established guidelines 1,2 at our university teaching hospital and 3 community hospitals were prospectively identified. Our stroke team participated in the NINDS rt-PA Stroke Study Group, 1 has been in place since 1986, and has been described in previous publications. 3, 9 In brief, a dedicated stroke beeper is carried by all fellows and faculty who constitute our stroke team. The beeper number is only available to the City of Houston Fire Department Emergency Medical Services (HFD-EMS) paramedics and the emergency department (ED) triage nurses of our 4 participating hospitals. Paramedics and ED nurses are regularly in-serviced to emphasize early and accurate recognition of patients with acute stroke and to institute an acute stroke management pathway that includes immediate notification of our stroke team and the first steps of patient evaluation for IV tPA therapy. Members of our stroke team (both faculty and fellows) rotate on "first call" to immediately answer the beeper 24 hours a day, 7 days a week. We have developed a code system that notifies other team members when the call is answered and there is always a backup person available if the code does not appear within 5 minutes of the initial page to the beeper. A brief "data card" is completed after each call listing patient demographics, intervals, and other critical information pertaining to IV tPA therapy eligibility. If the patient seems to be a valid candidate for IV tPA therapy, the stroke team member answering the page immediately goes to the ED to work with the ED medical and nursing staff and neurology resident (if available) in evaluating and treating the patient. At the 3 community hospitals, stroke team care is confined only to those patients who are candidates for IV tPA therapy and ends when the patient is discharged from the ED. Subsequent care is assumed by the private neurologist. At our university hospital, all stroke patients, whether or not they receive IV tPA therapy, are admitted to the stroke service also managed by our stroke team. Starting in July 1, 1996, all stroke patients admitted to the stroke service at the university hospital have been entered into a stroke "log book" containing essential demographic and clinical information.
Prospective data for all consecutive patients treated with IV tPA at all 4 EDs over the 4 years of this analysis were collected from the data cards and at our university hospital, from the admission log book. This information included demographic variables, various intervals, stroke type, and in most cases, stroke severity at onset (the National Institutes of Health Stroke Scale [NIHSS] scores). Data collected by medical record review on all prospectively identified IV tPA-treated patients included protocol violations, NIHSS scores at 24 hours and at discharge, and hemorrhagic complications. When not documented, an NIHSS score was obtained by inference using clinical data in the stroke team medical record notes according to published validated guidelines. 10 Symptomatic ICHs were determined by the presence of any intracerebral blood on follow-up head computed tomography or magnetic resonance imaging associated with an NIHSS score increase of 4 points or more. We calculated the rate of ICH based on all patients and on those patients who had follow-up radiological imaging. Mortality was determined as death during the hospital stay.
Stroke pathogenic mechanism was determined by medical record review of all prospectively identified IV tPAtreated patients following the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria. 11 At our university hospital, a standard diagnostic workup was completed including carotid and cardiac ultrasound, electrocardiogram, and magnetic resonance imaging or follow-up computed tomography. At 3 community hospitals, the stroke pathogenic mechanism was determined from the information available in the ED similar to the NINDS rt-PA Stroke Study Group definitions. 1 Telephone interview was used for long-term follow-up evaluation to determine long-term mortality.
We used SPSS for Windows (SPSS, Chicago, Ill) for statistical analyses. 2 Test was used to assess any differences in variables between the hospitals. the stroke service at our university hospital, and 152 were treated with IV tPA according to the NINDS protocol. During this 4-year interval, incomplete data on total stroke admissions were available for 5 (nonconsecutive) months, and for those months, the monthly average for the previous 6 and following 6 months was used. Therefore, 8 .7% of all patients presenting with symptoms of cerebral ischemia were treated over the 4-year period. The percentage and total number of patients treated increased each year (Figure) . Over the final 6 months of our analysis, 12.9% of patients admitted with symptoms of cerebral ischemia were treated. Over the same interval, 14.7% of patients admitted with the diagnosis of acute ischemic stroke were treated.
Thirteen percent of the patients treated with IV tPA had protocol violations. This number did not vary over the 4 years of this analysis; the yearly protocol violation rates were 13.7%, 13.1%, 12.8%, and 13.1%, respectively. The most frequent violations in order of their occurrence were excessive blood pressure, seizure at onset, and high blood glucose level.
Symptomatic ICH occurred in 12 patients treated with IV tPA ( Table 2 ). The overall symptomatic ICH rate was 5.6% (range, 3.6%-9.1% between hospitals) limiting analysis only to those with follow-up radiological imaging. The overall rate was 4.5% of all treated patients. A decline was noted from 1996 to 2000 ( Figure B ). Symptomatic ICH rate in treated patients with follow-up imaging who had protocol violations was 15% (also 15% of all treated patients who had protocol violations).
At 24 hours, the NIHSS score was 9.8 ± 8.4 points (median, 8 points; range, 0-36 points). The mean±SD length of hospital stay was 9 ± 5.7 days. In-hospital mortality was 15% and the discharge NIHSS score was 6.6±6.9 points (median, 3 points; range, 0-35 points). Patient disposition included: home, 33%; rehabilitation, 47%; and skilled nursing or other specialized facilities, 20%.
Follow-up was obtained in 123 patients, range 1 to 48 months (mean ± SD,19 ± 13 months). Mortality following discharge was 17.8%.
COMMENT
This large single-center experience shows that up to 15% of ischemic stroke patients can be treated with IV tPA and that the rate of symptomatic ICH can be lower than reported by the NINDS rt-PA Stroke Study Group, 1 confirming other postmarketing studies. 6, 7 Our center is not typical of most hospitals taking care of stroke patients who might qualify for IV tPA therapy. However, with appropriate experience and organization, there is no reason why our data cannot be replicated or improved by other stroke centers. Perhaps the most notable unique characteristic of our experience is the large number of patients treated. We believe Time this is mainly due to the long-standing cooperation between our stroke team and the HFD-EMS that is responsible for approximately 80% of the ambulance transfers in the catchment area of our hospitals. Since the HFD-EMS recognizes our university hospital ED and stroke team as actively promoting stroke research, collaborative, and always available, they may preferentially triage appropriate IV tPA therapy candidates there. In 2000, a survey of all HFD-EMS stroke patient transports to all 4 of our hospitals showed that 47% of patients arrived within 2 hours of the onset of stroke symptoms. In 1999, 46.2% of all stroke patients in the city of Houston transported by the HFD-EMS were brought to 1 of our 4 hospitals. Our university hospital receives the largest proportion of stroke patients from the HFD-EMS of any single hospital in the city (18.5%).
Our calculation of percentage of treated patients is almost certainly inexact. We kept accurate records of whenever the stroke beeper was activated and found that we treated 16% of the patients for whom we were called, or roughly 1 of every 6 calls. We did not keep an accurate record of all stroke admissions to our community hospitals. We used a noncomputerized database of admissions to our university hospital stroke service that only differentiated between patients presenting with hemorrhagic vs ischemic symptoms based on admission clinical profile and brain imaging. Furthermore, complete data on total admissions were missing for 5 months scattered over the 4 years of our study. Among those with ischemic symptoms were included patients with transient ischemic attack, venous thrombosis as well as completed stroke, and also included elective admissions (roughly 10%) as well as those admitted through the ED. Based on these considerations and the fact that virtually all stroke patients admitted at that hospital were admitted to our stroke service, we are confident that our calculations, if anything, underestimate the percentage of true emergency stroke patients whom we treated. When we retrospectively reviewed our admission log, selecting only those patients presenting to the ED with the diagnosis of ischemic stroke, the percentage treated rose to 15%. Since the percentage treated rose steadily over the 4 years of our study, and was 13% to 15% (depending on whether we use the most conservative or more liberal denominator) over the final 6 months of our study, we believe that a 15% treatment rate (of patients presenting to the ED with ischemic stroke) is a realistic treatment target for stroke centers.
These calculations have important implications. They demonstrate that nationwide, and in our own center, we could be treating more patients than we currently do, since 85% to 87% are not being treated even in our own center. Thoughtfully conceived and appropriately targeted public and professional educational efforts may improve these numbers. 12 Though these approaches have not been universally effective in improving ED arrival times or treatment rates in patients with acute myocardial infarction, 13 it is possible that there is a greater void in knowledge among the public and emergency physicians regarding stroke that might be ameliorated by such educational efforts. Furthermore, establishment of stroke centers may help in directing patients to EDs where the expertise exists to treat larger numbers of patients. 14 Another implication of our calculations is the need for maintaining a computerized database among active stroke centers so that an accurate record can be maintained of treatment rates and outcomes. We found an overall low rate of symptomatic ICH with a nonsignificant trend toward a decline in hemorrhage rates from 1996 to 2000. We have no explanation for the possible decline in ICH rates since patient demographics, including NIHSS score and protocol violations, both of which are positively associated with higher rates of ICH, 6, 15 were similar from year to year. It is possible that the declining trend simply reflects yearly variability owing to the few patients with ICH each year.
There were no significant differences in the hemorrhagic complications between the university hospital and community hospitals served by our stroke team. This finding indicates that the presence of an experienced stroke treatment team is more important than the type of hospital itself in avoiding hemorrhagic complications of IV tPA therapy.
Overall patient baseline characteristics were similar between our study and the NINDS rt-PA Stroke Study Group (mean stroke severity of 14 points) and our patients had slightly more severe symptoms before treatment than in the European Cooperative Acute Stroke Study 16, 17 and the Cologne 5 study. Therefore, our good results cannot be explained by less stringent criteria for treatment or by treating less severely affected patients. Only 6% of our treated patients had lacunar stroke. This is fewer than the number of patients with small vessel disease in other studies. [18] [19] [20] The low prevalence of lacunar stroke and high prevalence of cardioembolic stroke in our patient population may have affected the recovery and mortality rates seen in our study, if there is anything negatively biasing our results.
The higher rate of ICH in patients with NIHSS protocol violations was once again confirmed by our study, underscoring the need to adhere to published guidelines to use IV tPA therapy safely in stroke patients. The most common protocol violation in our study was elevated blood pressure at the time of treatment. Most other reviews have found that treatment beyond the 3-hour window of time was a common violation. During most of this study at our university hospital, where most of our patients were treated, we had an investigational protocol for treatment of patients beyond 3 hours with lower dose IV tPA therapy (these patients and others treated with investigational protocols were not counted among the treated patients in this analysis). Therefore, there was no pressure on the treating physician to "bend the rules" to use conventional dose IV tPA therapy if the patient could not be treated within 3 hours. This probably accounts for why treatment beyond 3 hours was not a common protocol violation in this series.
It is possible that our data collection method resulted in an underestimate of the number of symptomatic hemorrhages. Though all patients and most hemorrhages were identified prospectively, the incidence of ICH was determined in part by medical record review. Although physician and nursing notes were carefully scrutinized for any evidence of deterioration in the patient's condition and all follow-up computed tomography and magnetic resonsance imaging scan reports were reviewed, it is possible that some cases of ICH were missed since 56 patients (21%) did not have follow-up scans. To be conservative, hemorrhage rates were calculated based only on those patients with medical records and follow-up radiological imaging available for review. This rate (5.6%) was not significantly different than the rate if all patients were included in the calculation (4.5%). We surmise that the true symptomatic ICH rate is closer to 4.5% than 5.6 % in our patient population assuming that those patients whose physicians did not believe it necessary to repeat brain imaging were not likely to have had a symptomatic hemorrhage. Furthermore, all of our patients who died had follow-up imaging prior to death.
Outcome can be affected by the time from symptom onset to initiation of IV tPA therapy. 21 In our patients, the median time from stroke onset to tPA bolus was 137 minutes (range, 30-180 minutes) with 28% of patients treated within 2 hours from stroke onset. In the NINDS rt-PA Stroke Study Group, more than 50% of the patients were treated within 90 minutes from stroke onset. The average door-to-needle time in our study was 70 minutes (68 minutes in our university hospital), better than in our previous report of our first year's experience 2 (100 minutes) and 96 minutes reported in the Standard Treatment with Alteplase to Reverse Stroke study. 5 Nevertheless, this time is still longer than published goals (60 minutes). 22 In our experience, most delays in treatment initiation are attributable to determination of international normalized ratio in patients previously receiving coumadin therapy, location of patient relatives or witnesses to determine the time of onset, and availability of the computed tomography scanner when major trauma victims are being concurrently evaluated. Therefore, the use of fingerstick international normalized ratio screening, cooperation with paramedic personnel to determine onset time, and better coordination of radiological imaging tests may further improve the door-to-needle time. 23 
CONCLUSION
An experienced and well-organized stroke center can safely and effectively treat up to 15% of ischemic stroke patients with IV tPA, but successful results depend on adherence to published guidelines.
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